The present study aimed to define functional changes as sperm motility, dead spermatozoa and sperm abnormalities and chromatin damage of sperm by toluidine blue stain, acridine orange stain and flowcytometry during different stages of freezing semen. Semen ejaculates from five Friesian bulls were pooled, diluted in tris-citric acid extender, cooled to 4°C over 2 hours, equilibrated at 4°C for 4 hours and frozen immediately into a liquid nitrogen (-196°C). Samples were evaluated just after dilution (at 37°C), at 4 hours as equilibration period, and after thawing at 37°C for 30s in water bath. The obtained results showed that, the percentages of sperm motility were significantly (P<0.05) decreased, while the percentages of dead spermatozoa and sperm abnormalities revealed significantly (P<0.05) increased with the different stages of raw semen, diluted semen, cooled semen, equilibrated semen and frozen-thawed semen. In addition, the percentage of chromatin damage was significantly (P<0.05) higher during thawing after freezing using toludine blue, acridine orange and flowcytometry techniques as compared to other steps of freezing bull semen. In conclusion, the present study indicated marked difference in impairment of semen quality and chromatin damage during different steps of Friesian bull frozen spermatozoa, in particular, from equilibration to freezing/thawing.
INTRODUCTION
Semen freezing is a well-established procedure used in the human and veterinary assisted reproduction technology applications. Over the last 50 years ago, it was used for genetic improvement of beef and dairy cattle. It is also used to control venereal diseases and facilitate management of bovine herd fertility. In human, it is usually associated with male fertility preservation such as those associated with malignancy (Nangia et al., 2013) .
Spermatozoa are characterized by plasma membrane fluidity and low water content which makes it more resistant to damage compared to other cell types. Freezing have been shown to induce deleterious changes of spermatozoa structure and function (Watson, 2000) . During this process, extensive chemical and physical damage occur to the spermatozoa. This involves thermal stress by the change in temperature during cooling, freezing and thawing, as well as, osmotic stress caused by the addition of molar concentrations of cryoprotective agents and crystallization, that result in protein denaturation, shrinkage and irreversible membrane collapse (Watson, 2000) . Therefore, phospholipids and cryoprotective agents and certain dilution, equilibration and cooling procedures are required to avoid cold shock and reduce crystallization to minimize sperm damage.
Conventional sperm evaluation parameters using in artificial insemination centers for raw semen evaluation of sires and post-thawing assessment of frozen semen are usually limited to assessment of postthawing motility and morphology. Evaluation of sperm motility either microscopic examination or by sperm analyzers have been used as the main parameter to determine sperm quality and predict fertility in humans and animals (Sanchez-Partida et al., 1999) . In bovine no correlation was found between post-thaw motility and fertility defined as non-return rate at 56 days post-insemination (Soderquist et al., 1991) . Therefore, better evaluation of different freezing protocols and their improvement require employment of more efficient tests.
Freezing semen procedure can also cause DNA damage and thus impaired sperm function. Various studies have evaluated the impact of freezing on chromatin structure in human, with contradictory results (Paoli et al., 2014) . Sperm DNA damage has been recognized as an important indicator of sperm quality, and has a great clinical significance in the assessment of sperm selection in human (Novotny et al., 2013) . Sperm DNA damage was significantly higher with morphological abnormalities and was related to the cryo-storage technique and to the duration of storage of human semen (Fortunato et al., 2013) . In buffaloes (Mahmoud et al., 2015) concluded that, DNA damage evaluation can provide reassurance about genomic normalcy and guide the development of improved methods of selecting spermatozoa with intact DNA to be used in artificial insemination.
Assessment of sperm DNA damage is widely determined using Sperm Chromatin Structure Assay (SCSA), which is based on the acridine orange (AO) which is usually assessed by flowcytometery. It is generally accepted that when DNA fragmentation exceeds a threshold of 30%, chances for successful pregnancy are very low (Evenson et al., 1999 and Bungum et al., 2004) . Alternatively, Toluidine Blue (TB) test has been shown to be correlated to SCSA results (Erenpreiss et al., 2004) .
There are several potential damaging effects of freezing that cannot be necessarily detected by routine assessment of post-thawing motility. In bovine, the effect of freezing semen processes on sperm chromatin integrity has not been extensively examined although sperm chromatin structure assay, was suggested to be a valuable tool of prognostic relation to sire fertility after AI. Fertility parameters (non-return to estrous rates, and calving rates) were positively correlated with the percentage of morphologically normal spermatozoa and negatively correlated with the percentage of DNA fragmentation (Nagy et al., 2013) . Therefore, the present study aimed to evaluate the damaging effects induced at each processing step of freezing on post-thawing of Friesian bull quality semen. Assessment of chromatin damage in spermatozoa was also investigated.
MATERIALS AND METHODS
The experimental work was carried out at Animal Production Department, Faculty of Agriculture, Mansoura University, in cooperation with Animal production Research Institute, Agricultural Research Center, Egypt, during the period from January till May, 2015.
Semen collection:
Semen ejaculates were collected from five healthy, fertile Friesian bulls, 4-6 years old and 400-500 kg live body weight raised under similar environmental conditions of feeding and managements at the International livestock Management Training Center, Sakha, Kafrelsheikh Governorate, Egypt. Semen was collected twice a week for 20 weeks. Semen was collected using an artificial vagina (Neustadt/Aisch, Müller, Nürnberg, Germany) between 8 and 9 a.m. pre-warmed to 42°C. The percentage of progressive motility of spermatozoa was determined for each ejaculate using a phase contrast microscope at x 200 magnification. Only ejaculates with ≥70% mass motility were used for freezing process.
Freezing process:
Immediately after ejaculate collection, semen was evaluated, diluted at 37°C with Tris-yolk fructose (TYF) extender (containing 30.28 mg/ml tris amino methane, 16.75 mg/ml citric acid anhydrous, 12.5 mg/ml fructose, 7% (v/v) glycerol, 20% (v/v) egg yolk, 5 IU/ml penicillin and 5 µg/ml streptomycin). The extension rate was 1 semen: 20 extender. The diluted semen was kept at 4°C for 4 h as an equilibration period, then automatically filled in 0.25 ml French straws (IVM technologies, L' Aigle, France). Thereafter, straws were exposed to nitrogen vapors at level of 4 cm distance above liquid nitrogen for 10 min, then frozen in liquid nitrogen at -196°C according to the method described by Salisbury et al. (1978) . Frozen-thawed semen samples were evaluated immediately after dilution at 37°C, cooled at 4°C for equilibration (4 hours), and thawed at 37°C for 30 seconds in water bath.
Semen evaluation:
Semen was evaluated for the percentages of progressive motility, dead and abnormality of spermatozoa in raw, diluted, cooled, equilibrated and post-thawed semen.
Sperm progressive motility (%):
It was estimated by adding one drop of the diluted fresh semen with physiological saline (0.9 % sodium citrate) on the dry, clean and per-warmed (37 °C) glass slides. The drop of the extended semen was covered by a warmed cover slip and immediately examined using light power examination (x 400). Percentage of sperm progressive motility was calculated according to Salisbury et al. (1978) .
Dead spermatozoa (%):
It was determined using eosin-nigrosin staining procedure of Hackett and Macpherson (1965) and then examined on microscope at (x 400).
Sperm abnormalities (%):
The morphological abnormalities of spermatozoa were determined in the same smears prepared for live/dead ratio under oil immersion using 100 x objective of a light microscope.
Chromatin damage:
Semen was evaluated for chromatin damage in diluted, cooled, equilibrated and post-thawed semen. Toluidine blue staining:
Toluidine blue staining was performed as previously described by Erenpreiss et al. (2004) . Smears obtained during different steps of freezing semen were fixed in ethanol-acetic acid (3:1, v/v) for 1 min and 70% ethanol for 3 min. Smears were hydrolyzed for 20 min in 4 mM Chioridric acid, rinsed in distilled water and air-dried. One drop of 0.025% toluidine blue in Mcllvaine buffer (sodium citrate-phosphate, pH 4) was placed over each smear and then cover slipped. Smears were evaluated with magnification power (x 1000). The percentage of chromatin damage was estimated by evaluating 300 sperm cells in each smear. Spermatozoa stained as green to light blue were considered to have normal chromatin, while those stained dark blue to violet were considered to have damaged chromatin. Acridine orange (AO) fluorescence staining:
AS reported by Tejada et al. (1984) , air-dried smears were fixed overnight in methanol-glacial acetic acid (3:1) at room temperature (RT). The slides were removed from the fixative and allowed to dry for a few minutes before staining with AO (0.19 mg/ml, pH 2.5) for 5 minutes at RT. Staining solution was prepared daily from a stock solution consisting of 0.1 mg/ml AO (Sigma) and stored in the dark at 4°C. To prepare the staining solution, 10 ml of the stock solution was added to 40 mL of 0.1 M citric acid and 2.5 ml of 0.3 M Na 2 HPO 4 7H 2 O. All solutions were maintained at RT. After staining, the slides were gently rinsed in distilled water, mounted by (DABCO) and sealed under a cover slip with nail polish. Sperm cell heads with good DNA integrity had green fluorescence, and those with damaged DNA were stained orangered. Samples were scored within 1 hour after staining.
Sperm Chromatin Structure Assay (SCSA):
SCSA was applied following the procedure as the method described by Tsarev et al. (2009) . Briefly, 200 µl of diluted semen from each sample at each time point/step was diluted to a concentration of 1 x 10 6 sperm/ml with a buffer composed of 0.01 M Tris-HCl, 0.15 M NaCl and 1 mM EDTA (pH 7.4) and treated with an acid detergent solution (pH 1.2) containing 0.1% Triton X-100, 0.15 mol/l NaCl and 0.08 N HCl for 30s. Spermatozoa were then stained with 6 µg/ml purified AO in a phosphate-citrate buffer (pH 6.0). Cells were analyzed using a flowcytometer (Becton Dickinson, Sunny vale, CA, USA), equipped with an air-cooled argon ion laser. A total of 10000 events were accumulated for each measurement at a flow rate of 200-300 cells/s. Acridine orange (AO) that is intercalated in double-stranded DNA emits green fluorescence, whereas AO associated with single-stranded DNA emits red 475 fluorescence. The extent of DNA denaturation was expressed in terms of DNA fractionation index (DFI), which is the ratio of red to total (red plus green) fluorescence intensity.
Statistical analysis
Data were statically analysis by one way (ANOVA), using General Liner Model (GLM) procedures of SAS (2004) and Duncan`s New Multiple Range Test (Duncan, 1955) was used to test the significant differences among means .Percentage values were transformed to arc-sin values before the statistical analysis.
RESULTS

Semen quality (functional characteristics):
Results presented in Table ( 1) revealed significant (P<0.05) reduction in progressive motility by advancing semen processing from collection (raw semen) up to freezing (thawed semen). However, both dead and abnormal sperm percentages showed significantly (P<0.05) an opposite trend of change. It is of interest to note that the most deleterious effects on sperm characteristics studied was observed during freezing (differences between equilibrated and post-thwing semen). Chromatin damage: Data of determining chromatin damage using techniques of toluidine blue (TB), acridine orange (AO) and flowcytometry presented in Table ( 2) showed that freezing steps had significant effect (P<0.05) on the percentage of chromatin damage in spermatozoa.
Values of TB (Fig. 1) , AO and flowcytometry significantly (P<0.05) increased by advancing step of semen freezing from dilution up to freezing/thawing processes. The highest (P<0.05) rate of chromatin damage was observed between equilibrated and freezing semen (Table 2) . 
DISCUSSION
The current study aimed to investigate DNA damage (chromatin damage) using Toluidine Blue stain (TB), Acridine orange (AO) and Flowcytometry, in association with each step of freezing bull semen process in relation to changes in percentages of motility, dead and abnormality of spermatozoa in bull semen. Tris-based extenders and standard cryopreservation procedures were conducted in this study.
Based on the obtained results, there was a step-wise reduction in sperm motility, associated with an increase in dead and abnormal spermatozoa mainly in the form of bent and coiled tail, detached heads and / or destroyed heads in post-thawed semen. These morphological abnormalities have been previously linked to cold shock and were observed when cold shock was induced in bull semen by cooling and storing in the absence of egg yolk, which was associated with reduced fertilization rate in vitro (Ducha et al., 2012) .
Functionally, although motility and viability were reduced, tris-egg-yolkglycerol used in this study protected semen preserve viable spermsatozoa available after thawing which are normally capable of fertilization. It is worthy noting that the reduction in motility was in relation with increasing abnormality and decreasing viability of spermatozoa. Also, these changes was in parallel with increasing chromatin damage by advancing freezing steps, in particular, from equilibration to thawing.
Mitochondrial function and sufficient ATP production has been correlated to sperm motility and hyperactivity (Ho et al., 2002) and is also linked to higher fertilization potential in vitro (Kasai et al., 2002) . A gradual decrease in the metabolic activity of spermatozoa was showed during storage at cold shock temperature could limit the production of detrimental byproducts, which might reduce sperm function but metabolic activity influence essential sperm functions such as motility. Sperm motility was significantly higher in spermatozoa with higher inner mitochondrial membrane potential and flowcytometry in human. This was also linked to higher fertilization potential in vitro (Kasai et al., 2002) .
The mechanism of the generation of DNA fragmentation and chromatin damage after freezing is has not been clearly elucidated, but mainly attributed to oxidative stress and activation of caspases (Novotny et al., 2013 and Paoli et al., 2014) . This is particularly important, since this DNA damage have been shown to affect genes that are crucial for fertilization and early embryo development (Valcarce et al., 2013) as induced DNA damage in murine spermatozoa have been shown to persist after intracellular sperm injection (ICSI) fertilization and no repair could be observed with DNA synthesis in the zygote (Yamauchi et al., 2012) . This may explain the relation between sperm DNA damage and unexplained recurrent spontaneous abortion (Zhang et al., 2012) .
Percentage of spermatozoa with chromatin defects positive to chromomycin A3 indicating protamine deficiency showed significant negative correlation with fertilization rate following ICSI (Iranpour, 2014) . In addition, chromatin assessment with Diff-Quik staining kit has been shown to indicate embryo quality and pregnancy outcomes following in vitro fertilization (Tavares et al., 2013) . However, this correlation was not observed when aniline blue and acridine orange staining were used (Iranpour, 2014) . In ovine, it has been shown that deterioration in chromatin stability may vary according with different semen extenders and that a pronounced decline in pregnancy rate (PR) was observed when percentages of decondensed and destabilized chromatin have reached thresholds of 10.5-30 % and 4-9%, respectively (Khalifa and Lymberopoulos, 2013) .
Reducing sperm DNA damage and protecting mitochondrial functions should be assessed and targeted when improving freezing bull semen protocols used for AI. Generally, aging (Rybar et al., 2011) , inter individual variation (Oleszczuk et al., 2011) , or pollution (Calogero et al., 2011) have been shown to impact chromatin integrity in human, which is a factor that can substantially affect fertility in men, rather than by basic sperm parameters.
In conclusion, the present study indicated marked difference in impairment of semen quality and chromatin damage during different steps of Friesian bull frozen spermatozoa, in particular, from equilibration to freezing/thawing.
